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MANUFACTURING LINE OF LIQUID
CRYSTAL DISPLAY DEVICE AND
FABRICATING METHOD THEREOF

This application claims the benefit of Korean Application
No. P2003-97617 filed on Dec. 26, 2003, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

This application incorporates by reference two applica-
tions Ser. No. 10/184,096, filed on Jun. 28, 2002, entitled
“SYSTEM AND METHOD FOR MANUFACTURING
LIQUID CRYSTAL DISPLAY DEVICES” and Ser. No.
10/184,088, filed on Jun. 28, 2002, entitled “SYSTEM FOR
FABRICATING LIQUID CRYSTAL DISPLAY AND
METHOD OF FABRICATING LIQUID CRYSTAL DIS-
PLAY USING THE SAME” as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of fabricating a
liquid crystal display device, and more particularly, to a
manufacturing line of a liquid crystal display device using a
drop-filling and fabricating method thereof, by which liquid
crystal alignment failure can be repaired.

2. Discussion of the Related Art

As information society rapidly develops, the demand for
a display technology is increasing in various ways. A variety
of flat display devices are designed to meet such a demand
and many efforts are made to develop such a flat display
device as LCD (liquid crystal display device), PDP (plasma
display panel), ELD (electroluminescent display), VFD
(vacuum fluorescent display), and the like. Some of the flat
display devices are already applicable to various equip-
ments,

By replacing CRT (cathode ray tube), which cannot be
used as mobile image display devices, LCDs provide excel-
lent features including excellent image quality, lightweight,
compact size, and low power consumption, thereby becom-
ing the most popular device of the various flat display
devices. Moreover, LCDs are also applicable as a TV set to
receive and display broadcast signals, a computer monitor,
and the like, as well as a portable notebook computer
monitor.

Aliquid crystal display device mainly consists of a liquid
crystal display panel and a drive unit applying a drive signal
to the liquid crystal display panel. The liquid crystal display
panel consists of first and second glass substrates assembled
to each other to leave a predetermined distance from each
other, and a liquid crystal layer injected between the first and
second glass substrates.

A plurality of gate lines arranged in one direction with a
predetermined distance therebetween, a plurality of data
lines arranged with a predetermined interval therebetween in
a direction perpendicular to the respective gate lines, a
plurality of pixel electrodes formed in pixel areas provided
by the crossing of the gate and data lines, respectively, and
a plurality of thin film transistors for transferring signals of
the data lines to the corresponding pixel electrodes by being
switched by signals of the gate lines, respectively are formed
on the first glass substrate (TFT array substrate).

Ablack matrix layer enabling light to be transmitted to the
pixel areas only, an R/G/B color filter layer, and a common
electrode for implementing an image are formed on the
second glass substrate (color filter substrate).

The first and second glass substrates, between which a
predetermined space is provided by spacers, are assembled
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to each other by a sealant having a liquid crystal inlet. Liquid
crystals are then injected in the predetermined space via the
liquid crystal injection inlet.

In doing so, when the liquid crystal inlet is dipped in
liquid crystals while a vacuum state of the predetermined
space is maintained, liquid crystals are injected between the
two substrates by an osmotic action. After completion of the
liquid crystal injection, the liquid crystal inlet is sealed with
a sealant.

However, the related art fabricating method of an injec-
tion type liquid crystal display device has the following
disadvantages or problems.

First, after completion of cutting into unit panels, the
vacuum state of the gap between the two substrates needs to
be maintained to inject liquid crystals therein by dipping the
liquid crystal inlet in the liquid crystals. Hence, the liquid
crystal injection takes a considerably long time to reduce
productivity.

Secondly, in case of fabricating a wide liquid crystal
display device, the liquid crystal injection method may not
completely fill the liquid crystal panel with liquid crystals
which causes failure of the device.

Thirdly, the corresponding process is complicated and
requires quite a long processing time. The corresponding
process requires various liquid crystal injection equipment,
which occupies an excessive installation space.

Hence, much research and development has been directed
to a method of fabricating a liquid crystal display device
using drop-filling.

A method of fabricating a liquid crystal display device
using drop-filling according to a related art is explained as
follows.

FIG. 1 is a block diagram of a process line using liquid
crystal drop-filling according to a related art, and FIGS. 2A
to 2E are cross-sectional diagrams of a method of fabricating
aliquid crystal display device using drop-filling according to
a related art.

First, in a method of fabricating a liquid crystal display
device using drop-filling, instead of forming one liquid
crystal display panel on one glass substrate, a plurality of
liquid crystal display panels are preferably designed on a
mother substrate greater than one unit liquid crystal display
panel. A thin film transistor array is formed on each liquid
crystal display panel area on a first mother substrate, and a
color filter array is formed on each liquid crystal display
panel area on a second mother substrate.

An alignment layer for liquid crystal alignment is formed
on each of the first and second mother substrates. Rubbing
is then performed on the alignment layer. Liquid crystals are
dropped on the corresponding liquid crystal display panel
areas of the first or second mother substrate. A sealant and
Ag dots are dispensed on a periphery of the liquid crystal
display panel area. The first and second mother substrates
are then assembled to each other. The assembled substrates
are cut into unit liquid crystal display panels to be processed.

Namely, a manufacturing line for drop-filling according to
a related art, as illustrated in FIG. 1, includes vacuum
alignment equipment 10 for assembling a first mother sub-
strate having thin film transistor arrays and a second mother
substrate having color filter arrays in a vacuum state after
completion of liquid crystal dropping and sealant coating
thereon, a UV sealant hardener 20 for hardening the sealant
between the assembled substrates by UV-hardening, ther-
mosetting equipment 30 for thermosetting the UV hardened
substrates, and a cutter 40 for cutting the thermoset sub-
strates into unit liquid crystal display panels.
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A process carried out in the vacuum alignment equipment
10 is explained in detail by referring to FIGS. 2A to 2E as
follows.

In FIG. 2A, a UV-hardening sealant 1 is coated about 30
wm thick on a portion of a first glass substrate 3 having thin
film transistor arrays formed thereon. Liquid crystals 2 are
dropped on the first glass substrate 3 inside a border formed
by the sealant 1 (over the thin film transistor arrays). In
coating the sealant 1, no liquid crystal inlet is provided to the
sealant 1.

The first glass substrate 3 is loaded on a horizontally
movable table 4 within a vacuum chamber ‘C’. A lower
surface of the first glass substrate 3 is held by a first vacuum
holder 5§ using vacuum suction to be fixed thereto.

Referring to FIG. 2B, a lower surface of a second glass
substrate 6 having color filter arrays formed thereon is held
by a second vacuum holder 7 using vacuum suction to be
fixed thereto. The vacuum chamber ‘C’ is then closed to
provide a vacuum state therein. The second vacuum holder
7 is vertically lowered to leave a distance of 1 mm from the
first glass substrate 3. The table 4 having the first glass
substrate 3 loaded thereon is horizontally moved to prelimi-
narily align the first and second glass substrates 3 and 6.

Referring to FIG. 2C, the second vacuum holder 7 is
vertically lowered to contact the second glass substrate 6
with the liquid crystals 2 or sealant 1.

Referring to FIG. 2D, the second vacuum holder 7 is
vertically lowered so that the second glass substrate 6 is
attached to the first glass substrate 3 via the sealant 1. A
illustrated in FIG. 2E, the second glass substrate 6 is
pressurized to leave a distance of 5 um from the first glass
substrate 3.

The assembled substrates are taken out of the vacuum
alignment equipment 10 and are then transferred to the
UV-sealant hardener 20. A masking is formed on the
assembled substrates to expose the sealant 1 only. UV light
is applied to the sealant 1 only to perform a first hardening
on the sealant 1.

The assembled substrates are moved to the thermosetting
equipment 30 from the UV-sealant hardener 20. The sealant
1 is then thermoset for about 60 minutes at 120° C. in the
thermosetting equipment 30.

The assembled substrates are then transferred to the cutter
40 to be cut into a plurality of unit liquid crystal display
panels. Although not shown in the drawings, the unit liquid
crystal display panels are then further processed by other
processing equipment. A test process is also performed on
the processed panels by test equipment.

By the test process, various characteristics of the liquid
crystal display panel are checked. In doing so, a domain
failure (alignment failure) is checked. Namely, in the rub-
bing process, a surface of the alignment layer formed on the
substrate is rubbed by a rubbing cloth that rotates at a
uniform pressure and speed so that polymer chains on the
surface of the alignment layer can be aligned in one direction
to determine an alignment direction of liquid crystal mol-
ecules. In doing so, the alignment direction of one portion
having a weak alignment force deviates at a different angle
from that of the other portion, whereby the domain failure
takes place.

Hence, a worker manually sorts the liquid crystal display
panel. After aging has been performed on the sorted panel,
the aged panel is put on an iron plate to be rapidly cooled.
And, the domain failure is checked again.

However, the related art method of fabricating the liquid
crystal display device using drop-filling has the following
problem or disadvantage.
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First of all, after the assembled substrate have been cut
into the unit liquid crystal display panels, each of the unit
liquid crystal display panels is tested by a worker. If the
domain failure is found, the worker manually sorts the
domain-failing liquid crystal display panel. After aging has
been performed on the sorted panel, the aged panel is put on
an iron plate to be rapidly cooled. And, the domain failure
is checked again. Such a process is repeated until the domain
failure is overcome.

Hence, the domain failure test is performed on each liquid
crystal display panel, thereby needing a long test time and
more manpower.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a manu-
facturing line of a liquid crystal display device and fabri-
cating method thereof that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

An advantage of the present invention is to provide a
manufacturing line of a liquid crystal display device and
fabricating method thereof by which domain failure (align-
ment failure) can be previously repaired by a mother sub-
strate unit by adding a step of cooling a thermoset substrate
rapidly prior to cutting.

Additional advantages and features of the invention will
be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned
from practice of the invention. The objectives and other
advantages of the invention may be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, a manufacturing line of a liquid crystal
display device according to the present invention includes a
vacuum alignment equipment assembling a first mother
substrate having either liquid crystals dropped thereon or a
sealant formed thereon and a second mother substrate hav-
ing either the sealant formed thereon or the liquid crystals
thereon, a UV-sealant hardener performing UV-hardening
on the sealant of the assembled substrates, a thermosetter
thermosetting the UV-hardened substrates, a rapid cooler
rapidly cooling the thermoset substrates, and a cutter cutting
the rapidly cooled substrates into a plurality of unit liquid
crystal display panels.

Preferably, the rapid cooler includes a cooling table
provided with an internal space for a coolant flow to have the
thermoset substrates loaded thereon, a coolant inlet part at
one side of the cooling table to supply the coolant to the
cooling table, and a coolant outlet part for discharging the
coolant from the cooling table.

In another aspect of the present invention, a method of
fabricating a liquid crystal display device includes the steps
of preparing a first mother substrate having a plurality of thin
film transistor arrays formed in a plurality of panel areas,
respectively and a second mother substrate having a plural-
ity of color filter arrays formed in a plurality of the panel
areas, respectively, dropping a predetermined amount of
liquid crystals in each of the panel areas of the first or second
mother substrate and coating a sealant on each of the panel
areas of the second or first mother substrate, assembling the
first and second mother substrates, UV-hardening the sealant
between the assembled mother substrates, thermosetting the
UV-hardened sealant, cooling the thermoset mother sub-
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strates rapidly, and cutting the rapidly cooled mother sub-
strates into a plurality of unit liquid crystal display panels.

Tt is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a block diagram of a process line using liquid
crystal drop-filling according to a related art;

FIGS. 2A to 2E are cross-sectional diagrams of a process
of fabricating a liquid crystal display device using drop-
filling according to a related art;

FIG. 3 is a block diagram of a manufacturing line of a
drop-filling type liquid crystal display device according to
the present invention;

FIG. 4 is a perspective diagram of a rapid cooling
equipment according to the present invention;

FIG. 5 is a cross-sectional diagram of the rapid cooling
equipment in FIG. 4; and

FIG. 6 is a flowchart of a method of fabricating a
drop-filling type liquid crystal display device according to
the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

FIG. 3 is a block diagram of a manufacturing line of a
drop-filling type liquid crystal display device according to
the present invention, FIG. 4 is a perspective diagram of a
rapid cooling equipment according to the present invention,
and FIG. 5 is a cross-sectional diagram of the rapid cooling
equipment in FIG. 4.

First of all, an alignment layer is formed on each of a first
mother substrate having thin film transistor arrays formed on
panel areas, respectively, and a second mother substrate
having color filter arrays formed on panel areas, respec-
tively. Rubbing is performed on the alignment layer.

A predetermined amount of liquid crystals is dropped on
each of the panel areas of the first or second mother
substrate. A sealant is coated on the corresponding mother
substrate. Thus, the first and second mother substrates are
prepared to be assembled.

A manufacturing line of a drop-filling type liquid crystal
display device according to the present invention, as illus-
trated in FIG. 3, includes vacuum alignment equipment 100
for assembling the first and second mother substrates in a
vacuum state, a UV-sealant hardener 200 for performing
UV-hardening on the sealant of the assembled substrates, a
thermosetter 300 for thermosetting the UV-hardened sub-
strates, a rapid cooler 400 for rapidly cooling the thermoset
substrates, and a cutter 500 for cutting the rapidly cooled
substrates into a plurality of unit liquid crystal display
panels.

10

15

20

25

30

35

40

45

50

55

60

6

The rapid cooler 400, as illustrated in FIG. 4 and FIG. 5,
includes a cooling table 401 provided with an internal space
for a coolant flow to have the thermoset substrates loaded
thereon, a coolant inlet part 402 at one side of the cooling
table 401 to supply the coolant to the cooling table 401, and
a coolant outlet part 403 for discharging the coolant from the
cooling table 401.

A method of fabricating a drop-filling type liquid crystal
display device according to the present invention is
explained as follows.

FIG. 6 is a flowchart of a method of fabricating a
drop-filling type liquid crystal display device according to
the present invention.

Referring to FIG. 6, a plurality of thin film transistor
arrays are formed on a plurality of panel areas of a first
mother substrate, respectively (1S). An alignment layer is
formed on the first mother substrate and rubbing is then
performed on the alignment layer (2S). Alternatively, photo-
alignment can be performed on the alignment layer instead
of rubbing.

Meanwhile, a plurality of color filter arrays are formed on
a plurality of panel areas of a second mother substrate,
respectively (5S). An alignment layer is formed on the
second mother substrate and rubbing is then performed on
the alignment layer (6S). Alternatively, photo-alignment can
be performed on the alignment layer instead of rubbing.

Of course, spacers are provided on the first or second
mother substrates to maintain a cell gap between the first and
second mother substrates prior to the formation of the
alignment layers.

After the first and second mother substrates have been
cleansed (38, 7S), a predetermined amount of liquid crystal
is dropped on each of the panel areas of the first or second
mother substrates and a sealant coating is performed on the
first or second mother substrate (4S, 8S).

Namely, an appropriate amount of liquid crystals is
dropped or applied on each of the liquid crystal display panel
areas of the first mother substrate according to a size of the
corresponding liquid crystal display panel area, and Ag dots
and sealant are coated on peripheries of the respective liquid
crystal display panel areas. Of course, the sealant and Ag
dots can be coated on the second mother substrate and the
liquid crystals can be applied on the first mother substrate.

Thus, the first and second mother substrates, on which the
liquid crystals and the Ag dots and sealant are formed, are
loaded on the vacuum alignment equipment 100 and are then
assembled to each other to have a predetermined cell gap via
the spacers (9S).

The first and second mother substrates assembling method
is explained in detail as follows.

First of all, the sealant-coated second mother substrate is
loaded in the vacuum alignment equipment 100 by a robot
(not shown in the drawing) so that a sealant-coated side
faces downward. While this state is maintained, an upper
stage (not shown in the drawing) of the vacuum alignment
equipment 100 is lowered. The lowered upper stage picks up
the second mother substrate via vacuum suction and is then
lifted upward.

The first mother substrate having liquid crystals dropped
thereon is placed on a lower stage (not shown in the
drawing) within the vacuum alignment equipment by the
robot.

When a predetermined vacuum state is maintained within
the vacuum alignment equipment 100, the upper stage is
lowered to pressurize the first and second mother substrates
to assemble to each other.
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Thereafter, the vacuum suction power of the upper stage
is released to separate the assembled substrates from the
upper stage. The assembled substrates are unloaded from the
vacuum alignment equipment 100,

The assembled substrates unloaded from the vacuum
alignment equipment 100 are loaded on the UV-hardener
200 to UV-harden the sealant (10S).

In doing so, the sealant is first hardened in a manner of
placing a mask over the substrates to expose the sealant
between the assembled substrates only and applying UV
light to the substrates.

Subsequently, the UV-hardened substrates are loaded in
the thermosetter 300 to thermally harden the sealant (11S).
In doing so. thermosetting is carried out for about 60
minutes at about 120° C., and the liquid crystals uniformly
spread.

The thermoset substrates are loaded on the cooler to be
rapidly cooled (12S). In doing so, even if the alignment
power of a predetermined portion is weak due to the poor
rubbing of the alignment layer, the alignment failure is
repaired.

Namely, the liquid crystal layer is heated at high tem-
perature during the thermosetting, the liquid crystal viscos-
ity is lowered so that liquid crystal molecules can freely
move. In the case that the substrates are rapidly cooled, for
example, cooled to below approximately 30° C. in about
10-20 seconds. The free liquid crystal molecules are aligned
according to the alignment direction of the alignment layer.
In doing so, the liquid crystals at the portion of the weak
alignment power are aligned in the same direction by the
instant turning force of other liquid crystals.

Thus, the rapidly cooled mother substrates are cut into a
plurality of unit liquid crystal display panels (S13). After
completion of grinding (S14), the corresponding panels are
finally tested (S15) to be marketed (516).

Accordingly, a manufacturing line of a liquid crystal
display device and fabricating method thereof provide the
following effect or advantage.

Namely, since the heated substrates unloaded from the
thermosetter are put on the cooler to be rapidly cooled, the
domain failure can be repaired by substrate unit without
worker’s manual handling. Therefore, the present invention
saves time and manpower.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A manufacturing line of a liquid crystal display device,
comprising:

a vacuum alignment equipment for assembling a first
mother substrate having either liquid crystals dropped
thereon or a sealant formed thereon and a second
mother substrate having either the sealant formed
thereon or the liquid crystals thereon;

a UV-sealant hardener for UV-hardening the sealant of the
assembled mother substrates;

a thermosetter for thermosetting the UV-hardened mother
substrates;

a cooler for rapidly cooling the thermoset mother sub-
strates to repair an alignment failure; and

a cutter for cutting the cooled mother substrates into a
plurality of unit liquid crystal display panels.

2. The manufacturing line of claim 1, further comprising

a tester for testing the cut unit liquid crystal display panels.
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3. The manufacturing line of claim 1, the cooler compris-
ing:

a cooling table provided with an internal space for a
coolant flow to have the thermoset mother substrates
loaded thereon;

a coolant inlet part at one side of the cooling table to
supply the coolant to the cooling table; and

a coolant outlet part for discharging the coolant from the
cooling table.

4. A method of fabricating a liquid crystal display device,

comprising:

preparing a first mother substrate having a plurality of thin
film transistor arrays formed in a plurality of panel
areas, respectively and a second mother substrate hav-
ing a plurality of color filter arrays formed in a the
plurality of panel areas, respectively;

applying a predetermined amount of liquid crystals in
each of the plurality of panel areas of the first or second
mother substrate and coating a sealant on each of the
plurality of panel areas of the second or first mother
substrate;

assembling the first and second mother substrates;

UV-hardening the sealant between the assembled mother
substrates;

thermosetting the UV-hardened sealant;

rapidly cooling the thermoset mother substrates to repair
an alignment failure; and

cutting the cooled mother substrates into a plurality of
unit liquid crystal display panels.

5. The method of claim 4, further comprising testing the

cut unit liquid crystal display panels.

6. The method of claim 4, wherein the cooling is per-
formed using a cooling table provided with an internal space
for a coolant flow to have the thermoset mother substrates
loaded thereon; a coolant inlet part at one side of the cooling
table to supply the coolant to the cooling table; and a coolant
outlet part for discharging the coolant from the cooling table.

7. The method of claim 4, wherein the thermosetting is
performed at a temperature above 80° C.

8. The method of claim 7, wherein the thermosetting is
performed for about 40-60 minutes.

9. The method of claim 4, wherein the cooling is per-
formed at a temperature below approximately 30° C.

10. The method of claim 4, wherein the cooling is
performed for about 5-20 seconds.

11. The method of claim 4, wherein cooling the thermoset
mother substrates includes rapidly cooling the thermoset
mother substrates to repair an alignment failure by aligning
liquid crystals at a weakly aligned portion by the instant
turning force of other liquid crystals.

12. A method of fabricating a liquid crystal display
device, comprising:

preparing a first substrate and a second substrate, the first
or second substrate including a liquid crystal thereon
and a the first or second substrate including a sealant
thereon;

assembling the first and second substrates with the seal-
ant,

curing the sealant;

rapidly cooling the cured substrates to repair an alignment
failure; and

cutting the cooled substrates into a plurality of unit liquid
crystal display panels.

13. The method of claim 12, wherein the step of curing the

sealant comprises:

UV-hardening the sealant between the assembled first and
second substrates; and

thermosetting the UV-hardened sealant.
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14. The method of claim 13, wherein the thermosetting is
performed at a temperature above 80° C.

15. The method of claim 13, wherein the thermosetting is
performed for about 40-60 minutes.

16. The method of claim 12, further comprising;

forming an alignment layer on at least one of the first and

second substrates.

17. The method of claim 12, wherein the cooling is
performed at a temperature below approximately 30° C.

18. The method of claim 12, wherein the cooling is
performed for about 5-20 seconds.

19. The method of claim 13, wherein cooling the cured
substrates includes rapidly cooling the cured substrates to
repair an alignment failure by aligning liquid crystals at a

5

10

10

preparing a first substrate and a second substrate, the first
or second substrate including a liquid crystal thereon
and the first or second substrate including a sealant
thereon;
assembling the first and second substrates with the seal-
ant,
curing the sealant;
repairing an alignment failure of the cured substrates; and
cutting the repaired substrates into a plurality of unit
liquid crystal display panels.
21. The method of claim 20, wherein repairing an align-
ment failure of the cured substrates includes rapidly cooling
the cured substrates to repair an alignment failure by align-

weakly aligned portion by the instant turning force of other 15 ing liquid crystals at a weakly aligned portion by the instant

liquid crystals.
20. A method of fabricating a liquid crystal display
device, comprising:

turning force of other liquid crystals.
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